Thailand is classified by the World Health Organization as a country with a moderate level of subclinical vitamin A deficiency. In 1992 the eruption of infant xerophthalmia in the country's lower region led to the universal distribution of vitamin A capsules among infants (50,000 IU for those < 6 months old, 100,000 IU for those 6-12 months old) and pre-school children (200,000 IU) in high-risk areas every 6 months. Since then, no new cases of xerophthalmia have arisen. The universal distribution programme covered the period 1992 to 1998. However, to control the problem and prevent it from reoccurring once capsule distribution is discontinued, a food-based strategy for the prevention of vitamin A deficiency is being undertaken in southern Thailand. This strategy has two components: recommendation of vitamin A-rich food recipes for consumption by pregnant women, and development of vitamin A-rich snacks targeted at children. Both of these components have been adopted and successfully promoted by the Health Promotion Center (Region 12) in southern Thailand as part of public special events, regular counselling, and education programmes, and as micro-level income-generation projects by community women's groups.
Introduction
The challenge of vitamin A deficiency in Thailand dates back over three decades. On the basis of community surveys and hospital reports in the 1960s and 1970s, Thailand's Fourth National Economic and Social Development Plan (NESDP) from 1977 to 1981 included
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vitamin A deficiency as one of the seven national nutritional problems. Since then, Thailand has launched an intensive programme nationwide to reduce poverty, improve primary health-care services, and increase household food security among rural poor families [1] . Vitamin A considerations were integrated into Thailand's health and nutrition policies, plans, and programmes along with other nutrition problems rather than forming a separate programme. These efforts led to a marked decline in clinical vitamin A deficiency among young children [2] such that in 1985 the World Health Organization (WHO) classified Thailand as a nation where vitamin A deficiency was not a public health problem, although sporadic cases might occur [3] .
By the end of the Fifth NESDP (1982) (1983) (1984) (1985) (1986) , case reports of xerophthalmia had become rare and the country began to enter a transition in its vitamin A deficiency problem from clinical to subclinical levels [2] . This was confirmed by a 1990 prevalence survey of vitamin A deficiency in north and north-east Thailand, which indicated that approximately one-fifth of preschool children in these regions experience subclinical deficiency, as evidenced by low liver stores and abnormal conjunctival epithelium [4] .
Although the problem in northern and north-eastern Thailand is marginal, the eruption of infant xerophthalmia in the lower southern region in 1992 called for the universal distribution of vitamin A capsules every 6 months to infants (50,000 IU for those < 6 months old, 100,000 IU for those 6-12 months old) and preschool children (200,000 IU) residing in the endemic areas [5] . This programme, covering the period from 1992 to 1998, resulted in no new reported cases of xerophthalmia [6] . At present, WHO has classified Thailand as a country with a moderate level of subclinical vitamin A deficiency [7] .
The supplementation programme conducted in the south, however, cannot assure that the problem will not reoccur, particularly in view of the fact that it was discontinued at the end of the fiscal year 1998. As a result, the Institute of Nutrition at Mahidol University (INMU) and the Division of Nutrition, Ministry of Public Health, have worked closely to develop a more sustainable food-based approach for the prevention of vitamin A deficiency.
This approach draws on lessons learned from similar programmes that have been conducted in other regions of Thailand. For instance, vitamin A-rich foods such as liver, eggs, whole milk, dark-green leafy vegetables, and yellow and orange fruits and vegetables are available or can be grown in most communities throughout the country. A long-standing problem has been that these foods have been underutilized because of seasonal variation, lack of dietary appeal, or prevailing traditional food habits. However, earlier experience in social marketing of vitamin A-rich foods, such as the ivy gourd plant (Coccinia indica) in north-east Thailand, demonstrated that even in a relatively short time, significant changes in dietary habits can be achieved provided that foods and recipes amenable to the local culture are identified and properly promoted, not only in terms of their nutritional benefit but also in terms of other advantages (e.g., income generation) [8] .
Another important factor is the effect of local preparation and preservation techniques that may cause a considerable loss of vitamin A activity. This question was addressed in a recent multicentre study involving India, Indonesia, and Thailand [9] . In Thailand the project was conducted by INMU in the north-east region. The activities consisted of identification of vitamin A-rich foods that are available all year, especially those from plant sources, followed by investigation of the loss of vitamin A activity due to local preparation and preservation techniques, and finally recommendation of the consumption of vitamin Arich foods appropriate for young children and adults [9] . Lessons learned from this process were adapted for transfer and testing in southern Thailand.
Vitamin A recipes in the lower southern region
Southern Thailand, particularly the lower provinces, is inhabited by a Thai Muslim population who have different religious beliefs and indigenous foods than the general Thai Buddhist population. As a result, project personnel first sought an understanding of Thai Muslim dietary habits, food beliefs, and lifestyle. Initially, existing data were compiled about the consumption pattern of foods rich in vitamin A and other related factors, such as seasonal food sources and popular foods or frequently consumed foods. These data were then confirmed in focus group discussions with caretakers of pre-school children, pregnant women, lactating mothers, and community elders. These representative groups provided detailed information concerning the amount and frequency of consumption of vitamin Arich food as well as local recipes (main dishes and des-serts) containing vitamin A-rich items. Thereafter, several recipes were selected on the basis of availability and their high potential for promotion among the target groups. Local housewives also demonstrated methods of preparing these selected recipes, and data were collected concerning the ingredients (type and amount) that were used, steps in food preparation, temperature, and cooking time. Vitamin A contents were estimated by calculation from the existing database of vitamin A contents of food, taking into account the loss of vitamin A from different cooking procedures [10] . A few processed foods, desserts, and wild-grown young leaves whose vitamin A contents were unknown were analysed for retinol and β-carotene concentrations by highperformance liquid chromatography [11] .
The recipes were then divided into four categories based on their vitamin A content per serving in comparison to the recommended daily allowance (RDA) for pregnant women [12] (table 1). One additional strong point in favour of these local recipes is that the type and amount of ingredients for certain dishes, such as curry, can vary. Thus, ingredients that are high in vitamin A could easily replace other ingredients low in vitamin A. The local recipes were also grouped according to their vitamin A content in order to give a list of recommended recipes that could be more feasibly and practically promoted. For example, pregnant women should ideally consume group I recipes, which contain liver, once a week. On the other hand, those who are not able to consume animal food may select recipes in groups II or III, which contain eggs, vitamin A-rich vegetables, or both, along with drinking an additional one to two glasses of milk per day to meet their RDA. Those pregnant women who can consume neither liver nor milk can select group II and III recipes for regular consumption on the condition that their vitamin A content be increased through the addition of more eggs or vitamin A-rich vegetables to these recipes. A similar pattern of alternative recipes can be developed for pre-school children and schoolchildren.
Development of vitamin A-rich snacks: A food-to-food approach
A survey conducted in food shops and weekend markets in the community found that fish chips were readily available and consumed as daily snacks by people of almost all ages. They were eaten especially by people of low income because of their low cost (1 baht = US$0.05 or 5 cents per package). Therefore, fish chips were selected as a suitable vehicle for enrichment with vitamin A by adding liver. The goal was to provide at least 20% of the RDA for pre-school children or 80 retinol equivalents (RE) per package sold (four chips per package), while maintaining the texture and flavour of local chips as well as the price. Development of the recipes containing fish and liver was based on the traditional formula for preparing fish chips, using similar ingredients and following as much as possible the same procedure as the local industry.
Both recipe development and feasibility tests showed that it was possible to add either chicken or beef liver to the locally produced fish chips. Recipe formulation also took into account the findings of a preliminary sensory test showing that chips that retained their fish flavour were more acceptable. On a production scale, the ratio of flour to animal sources was 3:2. The flour mixture consisted of sago flour and tapioca flour at a 2:1 ratio. The ratios of fish to liver were 1:1 for chips with chicken liver and 3:1, 7:3, and 5:3 for those with beef liver. Three different methods of preparation were tested: boiling and sun-drying, boiling and oven-drying, and steaming and oven-drying. The losses of vitamin A from these procedures were 90%, 70%, and 50%, respectively. The vitamin A contents of chips prepared with different formulas and procedures are shown in table 2. Chips prepared by steaming and oven drying contained 21% to 32% of the RDA of vitamin A for pre-school children per package.
When a sensory test of the chips was conducted among adult women and pre-school children two to six years of age, the acceptability scores from a fivepoint face scale were in the range of "slightly preferred" to "highly preferred." The acceptability was good for chips given in addition to complementary foods (rice congee or porridges) to 6-to 24-month-old children who were also being breastfed. Mothers were encouraged to feed the children up to one bag of four chips per day, which contributed about 25% to 30% of the RDA for vitamin A. Another interesting point is that over 80% of those who did not normally consume liver (regardless of cooking methods) gave a score of "satisfactory" to "like very much" to the liver-containing chips.
One problem that arose was the high production cost of the liver chips. This was resolved by reducing the size of the enriched chips by 20%, thus enabling the selling price to be comparable to that of regular fish chips (1 baht per bag). One of the considerations with the size reduction was that the end product should still contribute at least 20% of the RDA for pre-school chil- dren. Another problem was a loss in vitamin A activity of up to 90% due to the boiling and sun-drying process as employed locally, which reduced the vitamin A activity to 4% to 6% of the RDA for the preschool age group. To reduce such losses, the use of a solar dryer or electric oven instead of sun-drying was recommended, which resulted in a loss of vitamin A of approximately 70%. In addition, if this process was further improved by employing steaming rather than boiling, the loss of vitamin A dropped to 50%. With these improved methods, the vitamin A concentration in a 1-baht bag of fish and liver chips could account for 20% to 30% of the RDA for pre-school children.
Conclusions and recommendations
Following the development of the vitamin A recipes and the fish and liver chips, Thailand's Health Promotion Center, Region 12, which is responsible for the lower southern provinces, with the support of the Division of Nutrition, Department of Health, Ministry of Public Health, organized several events to promote the vitamin A-rich recipes and snacks at both the provincial and the district levels. These events included recipe competitions and, more recently, a "Vitamin A Day," all of which received wide interest and participation among people living in the target provinces of Yala, Pattani, and Narathivat. District health officers are also recommending the different vitamin A recipe groups as part of their regular counselling and education programmes. In addition, the Health Promotion Center together with the Agricultural Extension Service has disseminated and promoted the fish and liver chip recipes to the public as well as providing technical assistance to women's groups to produce the chips using solar dryers. The chips are then marketed as packaged products through health posts at a compatible price (1 baht or 2.5 cents per package). Additional evaluation involving biological indicators of vitamin A status and quality-control measures will be undertaken to further assess the effectiveness of the promotion of vitamin A-rich foods in southern Thailand.
